INTRODUCTION INTRODUCTION
to several microns whereas pigmentary grade particles fall in the 80 nm to 250 nm size range.
[1] However, particle size The component of the solar spectrum covering 200-400 distribution rather than particle size regulates the efficacy nanometers (nm) is responsible for skin damage and is termed and the transparency in a dispersion. ultraviolet radiation (UVR). UVR consists of UVR-B (290-320 nm) and UVR-A (320-400 nm). Substances which physically For hundreds of years, ZnO has been used topically to treat attenuate UVR by causing molecular rearrangement (size, many skin disorders with fairly encouraging results. Zinc is an shape and appearance change) without any effect on the essential mineral, a component of about 70 metalloenzymes internal structures) are called physical UVR attenuators. Zinc and required for DNA, RNA and protein synthesis. [2, 3] In oxide (ZnO), titanium dioxide (TiO 2 ), talc, kaolin, iron oxides, addition, due to its anti-microbial action, ZnO has been used red petrolatum, silica and mica are examples of physical for dressing burns and other wounds in the pre-antibiotic attenuators of UVR of which ZnO and TiO 2 are approved as era.
[2] TiO 2 has a variety of uses as it is odorless and absorbent. active sunscreen ingredients. [1] This mineral can be found in many products, ranging from
ABSTRACT
The only drawback of these agents is that they form a thick visible pigment layer on the skin, which is not acceptable to most individuals. To overcome this drawback, microfine oxides have been developed which have made physical sunscreens virtually transparent on skin. However, there is no universal consensus on the definition of the term 'microfine'. For all practical purposes, the term "microfine" is used to describe particles of sizes ranging from a few nm paint to food to cosmetics. It is usually coated with silica or stearate to reduce photoreactivity. Micronized TiO has been shown to provide protection against UVB-induced immunosuppression in humans in vivo. [4] MECHANISM OF UVR ATTENUA ATIO MECHANISM OF UVR ATTENU TION It was believed that in contrast to chemical sunscreens, the physical metal oxides act as only scatterers or reflectors of UVR. However micronized forms of metal oxides (ZnO and TiO 2 ) of sizes below 370 nm, owe their UVR attenuating ability to their absorbing power, practically no light being reflected. [5] [6] [7] Whenever light falls on a substance, a certain fraction of the incident light is either reflected, scattered or absorbed. Absorption is a process, in which light is lost, i.e., it is converted into some other form of energy.
Absorption of UVR by metal oxides is evident from the mobilization of electrons within their atomic structure. The energy required for mobilization is absorbed from UVR thus causing these metal oxides to act as photosemiconductors. [1, 8] The energy gap is the amount of energy required to promote the electron from the valence band into the conductive band (3.23 electron Volts (eV) and 3.06 eV for ZnO and TiO 2 respectively). These energy gaps are calculated by using the quantum theory that corresponds to a UV wavelength of 385 nm for ZnO and 405 nm for TiO . [1, 8] Therefore all UV 2 radiations shorter than 385 and 405 nm will be absorbed by ZnO and TiO 2 respectively. The absorbed energy is then emitted as longer wavelength radiations as the electrons return to a lower energy level. This whole event occurs within less than 10.6 seconds.
[1] Although metallic oxides are not inert per se, they can be coated to make them stable, non toxic and safe.
[9]
UV ABSORPTION SPECTRUM UV ABSORPTION SPECTRUM The UVA coverage ability of microfine physical block particles depend on the primary particle size [11] depends primarily on the particle size.
[10] Micronized ZnO particles efficiently absorb radiation from the entire UV a tendency to agglomerate to form large particles. In many region (380 nm and shorter) with a steep drop-off whereas cases, larger aggregates are formed during the manufacturing particles smaller than 100 nm result in coverage up to of the powder even before the formulation step. These large 340-360 nm as seen in Figures 1 and 2 . [7, 10, 11] About 90% of UVR aggregates / agglomerates may not be effective depending on of wavelength below 360 nm is attenuated by absorption.
[1, 8, 11] the ultimate size. Physical sunscreens can also be formulated UVA attenuation is better than UVB attenuation with by incorporating both ZnO and TiO 2 or their combination with particles of larger size.
[12] Micronized forms have the ability chemical sunscreen ingredients to achieve higher levels of TiO 2 to attenuate both UVB and UVA II with a steep or gradual drop off in absorbance in the upper UVA I range. Attenuation characteristics vary greatly for TiO 2 as seen from the UVB, and UVA absorbance (320-400 nm) spectra. Formulations of ZnO tend to attenuate both UVA and UVB more uniformly than those of TiO 2 . It is prudent to consult the supplier for product absorbance and attenuation curves so as to determine the extent of UVA coverage of a given physical sunscreen.
For ZnO and TiO 2 , particle size of ~0.1 micron is the most effective in attenuating UV radiation. [13] UV blocking capacity decreases as the particle size goes below 0.1 micron whereas above this size, whitening can occur. Very fine particles have protection. Currently, sun protection factor (SPF) is the only globally accepted scale to estimate a sunscreen's protective action. However, it does not provide the complete protective profile of a sunscreen especially against long wavelength UVA I (340-400 nm) as it only takes into account UVB radiation.
ZnO and TiO 2 are among three sunscreen ingredients approved by US-FDA to claim adequate coverage in the longwave range of the UVA spectrum, the third being avobenzone. Evaluating the efficacy of UVA protection will enable true broad-spectrum UVB and UVA photoprotection.
[14] However, there is no consensus on the method of evaluating UVA protection. UVA protection factors based on protective factor More Figure 3 .
[11]
OPTICAL PROPERTIES AND TRANSPARENCY OPTICAL PROPERTIES AND TRANSPARENCY
Microfine metal oxides possess the unique property of being transparent to visible light but opaque to UV radiations. [13] Transparency is explained by the ability to allow visible light to pass through while opacity oxides. Therefore, particles less than 0.25 microns in size actually transmit more visible light than their larger counterparts. [13] However, when the particle size is further reduced, the particles tend to agglomerate and aggregate leading to increased "particle" size and opacity. Hence, particle size needs to be maintained in a well-defined range and must be evenly distributed.
PHARMACOKINETICS PHARMACOKINETICS
results from the ability to attenuate UVR transmission by ZnO is not absorbed through the skin. Skin absorption reflection, scattering and /or absorption. The opacity of studies after zinc oxide application to intact and psoriatic a suspension of fine material is influenced by the particle skin revealed essentially unchanged serum zinc levels.
[15]
size of the material, the difference in the refractive indices In addition, application of 40% zinc ointment to relatively of dispersed material and the dispersing medium and large areas of skin does not raise the serum zinc levels.
[2]
the degree of wavelength of light used in the opacity Although microfine TiO 2 deposited on the outermost surface measurement. [13] Refractive index (RI) measures the speed of the stratum corneum generally does not penetrate the of light in the given substance relative to speed of light different layers of the skin, [16] one study has demonstrated in air.
[14] Light scatter within any medium is a function of that it does penetrate the skin in very minute quantities. [17] difference in the RIs between the pigment and the medium. Therefore, more studies are necessary to establish if dermal If the ratio of the RIs is close to 1, the whole system has absorption of physical sunscreens is statistically and clinically a transparent appearance. In contrast, the entire system significant. has a white appearance if the ratio is significantly greater than 1. The RI of ZnO is 1.9 whereas that of TiO 2 is 2. 6 Although concerns have been raised about a possible making it whiter in appearance. [1] photocatalytic activity of metal oxides on living tissues, crystal surface photocatalytic activity has not been The RI of a material is intrinsic to that material and is a encountered with ZnO. [6, 18] The absorption curves for fixed characteristic. However, it can be minimized by one microfine ZnO before and after solar simulator irradiation of two ways: either by using a suspending medium with a (30 Lcm 2 ) was similar, demonstrating it to be completely RI similar to that of the material or by manipulating the photostable. [7] To reduce potential adverse effects, metal particle size of the material. The first method is limited due oxides used in cosmetic preparations are often coated. [16] to lack of availability and appearance of such suspending Manganese-doped titania oxides show improved efficacy media. Hence, the only remaining option, that of reduction over undoped TiO 2 in sunscreen formulations containing of particle size is exploited to reduce the opacity of metal organic UV absorbers.
[19] More BD: Physical sunscreens
CLINICAL USES CLINICAL USES
Metal oxides as a single ingredient sunscreen can be safely used for daily skin protection from UVR.
[20] The metal oxides sunscreen formulations are usually less oily and may prove useful in patients with subjects with oily and acne-prone skin. They offer photoprotection to individuals with visible light and UV-A photosensitivity such as those with porphyria, drug photoallergy and polymorphous light eruption.
[21-23] They are especially useful for patients with sensitive skin and those stated to be protective against DNA damage as indicated by two studies. [4, 27] However, much debate has arisen regarding the safety of nanoparticle use in sunscreens. The Government of Australia, Department of Health and Aging, has reviewed the literature on the safety of nano-particles of ZnO and TiO 2 in sunscreens. It was observed through isolated cell experiments that ZnO and TiO 2 can induce free radical formation in the presence of light and that this may damage these cells (photomutagenicity with not tolerating chemical sunscreens.
ZnO). However, this would only be of concern in people using sunscreens if ZnO and TiO 2 penetrated into viable skin cells. The DIRECTIONS FOR USE weight of current evidence is that they remain on the surface of DIRECTIONS FOR USE the skin and in the stratum corneum of the skin. [28, 29] Most "directions for use" on sunscreen containers and packaging recommend that users "apply liberally" or INTERACTION WITH STEROIDS INTERACTION WITH STEROIDS "generously". However such directions are vague and the manufacturer must give the exact method of application.
Prednisolone and zinc react in a molar proportion of 2:1 The exact amount of sunscreen required to be applied on to form a defined compound. Hence the application of the skin for optimal protection should be recommended by prednisolone with zinc oxide-containing dermatological the manufacturer based on the method and quantity of the formulations is not indicated. [30] sunscreen formulation used for determination of the SPF. formulation of ZnO and hydrocortisone had poor stability. When using physical sunscreens, it is advisable not to rub Hydrocortisone decomposed mainly to its 21-aldehyde, but them too hard as they work best on the surface of the skin.
other degradation products were also identified. [31] They leave the surface of the skin with a milky glaze which can be quite useful for gauging which skin areas you are covering ORGANIC SUNSCREENS WITH MICROFINE PARTICLE ORGANIC SUNSCREENS WITH MICROFINE PARTICLE and which one may have missed. Sweat will remove sunscreen SIZE: A "PHYSICAL" CHEMICAL SUNSCREEN. more effectively than water. The ideal sunscreen works by leaving a uniform film on the surface of the skin. Sunscreen A development among chemical sunscreens is the availability should be reapplied whenever it may have been rubbed off.
of sunscreen agents with microfine particle size which The substantivity of sunscreens will be determined by its renders them the property of scattering and reflecting UV water resistance, higher water resistance will confer more rays in addition to absorbing them. substantivity to sunscreens.
MBBT (Methylene Bis
is the first agent in this new class with an average SAFETY PROFILE ZnO is approved as a category I protectant by the US-FDA. [24] A fixed-dose topical [33, 34] SIZE: A "PHYSICAL" CHEMICAL SUNSCREEN. [33, 34] Moreover it is approved for use in the treatment of diaper rash because it is safe to apply to inflamed non-intact skin. [25, 26] Titanium dioxide is regarded as an inert, non-toxic substance by many regulatory bodies as seen in many MSDS (Material Safety Data Sheets). It is evident that physical sunscreens absorb UVR and in aqueous environments, can lead to the generation of hydroxyl radicals. [6] This can initiate oxidations and studies with TiO have shown that 2 it produces DNA damage both in vitro and in human cells, indicating that further studies are required to assess the safety of micronized TiO 2 and by extension, of ZnO. However, by providing UV-A protection and by preventing short-term UVB-induced immunomodulation, physical sunscreens are particle size of 150 nm. It attenuates UV rays by triple action: 85% UV rays are absorbed, 10-15% UV rays are scattered and 3-5% are reflected. It has a broad UV spectral coverage including UVA I with a critical wavelength of 388 nm, PFA of 7.07 and UVA/UVB ratio of 1. It is thus an effective broad spectrum sunscreen.
CONCLUSIO CONCLUSION
There is overwhelming evidence to support the hazards editors. Sunscreens: Development, evaluation and regulatory aspects, 2 nd ed. ) .
